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ABSTRACT:  Measurements  of  the  static  pressure  and  aerodynamic 

heat  transfer  on  the  surface  of  a  sphere-cone  model  at  Mach 
numbers  of  3.23  and  4.33,  and  angles  of  yaw  of  6°  and  13° 
have  been  made.  The  results  of  several  theoretical  methods 
for  calculating  both  the  laminar  and  turbulent  heat  transfer 
to  the  body  along  the  most  windward  and  leeward  streamlines 
are  compared  with  the  experimental  measurements.  The  experi¬ 
mental  laminar  heat- transfer  distributions  are  nearly  alike 
for  the  two  Mach  numbers,  when  they  are  expressed  in  the  form 
of  the  Nusselt  number  divided  by  the  square  root  of  the 
Reynolds  number.  The  experimental  heat-transfer  data  indicate 
that  an  increasing  angle  of  yaw  can  induce  transition  from 
laminar  to  turbulent  boundary  layer. 
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SYMBOLS 

local  pressure  coefficient 
stagnation  point  pressure  coefficient 
specific  heat  at  constant  pressure 
enthalpy 

thermal  conductivity 
Mach  number 

coordinate  normal  to  model  surface 
Nusselt  number,  Qcp0r/k0e (H0e-Hw) 
local  static  pressure 
stagnation  point  pressure 
local  heat-transfer  rate 
model  base  radius 

1/2 

Reynolds  number  as  given  by  pQe  H0e  r 

free-stream  Reynolds  number  per  unit  length  as 
given  by  Poouoo/^oo 

distance  along  a  meridian  on  the  surface  of  the 
model  measured  from  the  point  where  the  axis  of 
symmetry  intersects  the  surface  of  the  spherical 
nose 

local  static  temperature 
time 

free-stream  velocity 
velocity  in  the  roll  direction 
angle  of  yaw 

an  angle  that  describes  the  inclination  of  the 
model  surface  to  the  free-stream  flow  and  is  the 
angle  between  the  free-stream  velocity  vector  and 
the  line  normal  to  the  surface 
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INTRODUCTION 

High-speed  missiles  such  as  ballistic  missile  re-entry 
bodies,  maneuverable  interceptor  missiles,  and  hypersonic 
glide  vehicles  are  apt  to  fly  at  angles  of  yaw;  therefore, 
it  is  necessary  for  the  missile  designer  to  be  able  to 
estimate  the  effect  of  the  angle  of  yaw  on  the  aerodynamic 
heat  transfer  to  these  missiles. 

This  report  represents  the  experimental  phase  of  a  project 
undertaken  at  the  Naval  Ordnance  Laboratory  to  achieve  a 
better  understanding  of  the  problem  of  heat  transfer  to  bodies 
at  angles  of  yaw.  Surface  pressure  and  heat  transfer  data  are 
presented  for  a  sphere-cone  model  exposed  to  a  supersonic  air 
stream  at  angles  of  yaw.  The  heat-transfer  data  are  obtained 
by  measuring  the  steady-state  temperatures  on  the  boundaries 
of  the  model  shell  and  solving  the  steady-state  three- 
dimensional  heat  conduction  equation  utilizing  an  iteration 
process.  Some  comparisons  are  made  between  the  experimental 
and  theoretical  heat-transfer  data  on  the  most  windward  and 
leeward  streamlines  of  the  model.  Additional  calculations 
along  the  streamlines  will  be  made  and  the  results  will  be 
presented  in  a  future  report. 

The  sphere-cone  model  used  for  this  experimental  investi¬ 
gation  has  been  used  previously  to  obtain  heat- transfer  data 
at  M  -  3.23,  a  -  0°,  and  M  -  4.83,  a  -  0®  and  6°,  and  the 
data  are  reported  in  reference  (1) . 


EXPERIMENTAL  TESTING  EQUIPMENT 


Test  Facility 


Both  the  heat  transfer  ard  pressure  measurements  were 
made  in  the  NOL  Supersonic  Wind  Tunnel  No.  2  which  is  described 
in  reference  (2).  The  supply  conditions  of  the  test  are  listed 
in  the  following  table. 


M  Tq  p0  Reoo 

3.23  318°K  980  mm  Hg  2.43  x  106ft~^ 

4.83  320°K  2090  mm  Hg  2.50  x  106ft“l 

Description  of  Model 

The  sphere-cone  model  is  made  from  type  347  stainless 
steel.  It  is  instrumented  with  60  stainless  steel-constantan 
thermojunctions  and  each  thermojunction  is  formed  by  welding 
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constantan  wire  of  0.005-inch  diameter  to  the  model  wall. 

As  shown  in  figure  1,  the  thermojunctions  and  pressure  taps 
lie  in  the  same  meridian  plane.  The  11  pressure  taps  are 
located  on  one  side  of  the  axis  of  symmetry  and  the  thermo¬ 
junctions  are  located  on  the  other  side.  The  thermojunctions 
are  located  on  both  the  inside  and  outside  surfaces  of  the 
model  wall.  Table  1  gives  the  S/R  values  of  both  the  thermo¬ 
junctions  and  pressure  taps.  A  more  complete  description  of 
the  construction  of  the  sphere-cone  model  can  be  found  in 
reference  (1) . 

Instrumentation 

A  schematic  diagram  of  the  test  setup  is  shown  in  figure 
2.  Continuous  traces  of  p/pQ  versus  roll  angle  are  recorded 
for  one  surface  pressure  tap  at  a  time  on  a  Kendall  pressure 
ratio  recorder  which  is  described  in  reference  (3) „  The  surface 
pressure  and  supply  pressure  could  also  be  read  independently 
on  a  Wallace  and  Tiernan  mercury  ftfimometer  and  Wallace  and 
Tiernan  pressure  gage,  respectively,  in  order  to  check  the 
pressure  ratio  recorder. 

The  roll  angle  is  recorded  on  the  pressure  ratio  recorder 
and  also  displayed  on  the  console  of  a  self-balancing  potenti¬ 
ometer  which  is  a  single  channel  of  ADAPS  (ref.  (4)).  The 
ADAPS  is  essentially  a  self-balancing  potentiometer  that 
balances  the  voltage  drop  across  a  variable  resistor.  The 
variable  resistor  is  mounted  on  the  model  support  and  is 
geared  to  the  rolling  motion  of  the  model.  The  rolling  motion 
of  the  model  is  transmitted  to  the  pressure  ratio  recorder  by 
mounting  a  servo-transmitter  on  the  ADAPS.  The  servo-trans¬ 
mitter  is  geared  Co  the  drive  shaft  of  ADAPS  and  it  sends  an 
electrical  signal  to  a  servo-receiver  on  the  pressure  ratio 
recorder  and  to  the  visual  readout. 

Cooling  of  the  sphere-cone  model  is  achieved  by  circu¬ 
lating  DC  200  silicone  oil  through  the  inside  of  the  model. 

The  silicone  oil  is  passed  through  a  coiled  tube  of  a  heat 
exchanger,  the  coil  being  immersed  in  a  solid  carbon  dioxide- 
alcohol  bath.  A  Taylor  temperature  controller  keeps  the 
silicone  oil  at  a  constant  temperature  of  223°K  +  0. 5°K.  The 
temperature  of  the  silicone  oil  is  230°K  +  ,5°K  as  it  enters 
the  model,  and  is  235°K  +  . 5°K  as  it  leaves  the  model.  These 
temperatures  are  continually  monitored  on  two  General 
Electric  millivolt  recorders. 

The  output  of  each  of  the  thermocouples  is  measured  with 
a  single  channel  of  PADRE  (ref.  (5)),  which  is  a  self-balancing 
potentiometer.  The  potentiometer  is  set  to  a  full-scale 
reading  of  1  MV,  thereby  giving  a  voltage  sensitivity  of 
+  0.6  pV  and  a  temperature  sensitivity  of  +  0.02°K.  The 
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thermocouples  are  automatically  switched  one  at  a  time  to  the 
potentiometer . 

As  shown  in  figure  3,  the  thermocouples  on  the  outside 
surface  of  the  model  use  an  ice-water  bath  as  a  reference. 
The  thermocouples  on  the  inside  surface  and  in  the  model 
wall,  at  a  given  S/R  station,  use  the  temperature  on  the 
outside  surface  at  that  S/R  station  as  a  reference.  Because 
temperature  differences  exist  that  give  a  voltage  greater 
than  1  MV,  it  is  necessary  to  provide  a  millivolt  source  to 
counteract  any  signals  in  excess  of  1  MV. 

EXPERIMENTAL  PROCEDURE 


Pressure  Data 


Each  of  the  11  surface  pressure  taps  is  connected  one  at 
a  time  to  the  pressure  ratio  recorder.  A  continuous  trace  of 
P/Po  versus  f  is  produced  when  the  model  is  rolled  from  the 
most  windward  to  the  most  leeward  position.  The  rolling 
motion  is  stopped  every  15°,  and  the  surface  pressure  and 
supply  pressure  are  read  on  a  mercury  manometer  and  pressure 
gage,  respectively. 

Temperature  Data 


The  temperature  distribution  through  the  model  wall  is 
obtained  in  the  following  manner.  With  the  supply  conditions 
of  the  wind  tunnel  and  the  model  coolant  constant  with  respect 
to  time,  the  model  is  placed  at  the  initial  roll  position  of 
ip  -  0°.  After  the  temperatures  throughout  the  model  wall 
reach  their  steady-state  values,  they  are  recorded.  The 
model  is  then  rotated  to  the  next  roll  position  and  this 
procedure  is  repeated.  Temperature  measurements  are  made 
in  the  region  0°  <  if/  <|  180°,  at  increments  of  A  if/  -  15°. 


RESULTS  AND  DISCUSSION 


Pressure  Results 


Pressure  distributions  on  the  sphere-cone  model  are 
presented  in  table  2.  They  are  given  in  the  dimensionless 
form  p/Pq  versus  S/R  for  various  values  of  the  roll  angle  $ 
in  increments  of  5°. 

Figures  4,  5,  6,  and  7  are  representative  plots  of  p/p^ 
versus  S/R  for  f  ■  0°,  90°,  and  180°  at  a  -  6°  and  18°.  at 
M  -  3.23  and  4.83.  The  Newtonian  flow  (Cp/CpBax  "  cos^ti) 

predicts  a  pressure  distribution  on  the  spherical  nose  that 
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is  slightly  higher  than  the  experimental  data.  On  the 
conical  afterbody  the  pressures  calculated  from  Newtonian 
flow  and  the  Kopal  cone  tables  (refs.  (6),  (7),  and  (8))  are 
slightly  lower  than  the  experimental  data.  Both  the  Newtonian 
and  Kopal  values  predict  a  constant  pressure  as  a  function  of 
S/R  along  the  most  windward  and  leeward  streamlines  of  the 
cone  section,  whereas  the  experimental  pressure  distributions 
show  a  slight  overexpansion  in  the  region  of  the  sphere-cone 
junction  and  then  a  slight  compression  to  a  constant  pressure 
with  increasing  S/R. 

For  various  values  of  S/R  a  cross  plot  of  the  pressure 
distributions,  that  is,  p/pi  versus  yfr,  is  shown  in  figure  8. 

The  data  for  oL  -  18°  at  Mach  numbers  of  3.23  and  4.83  are 
presented.  The  experimental  data  are  shown  as  they  are 
recorded,  that  is,  as  continuous  curves  of  pressure  versus 
roll  angle.  The  pressure  level  is  slightly  greater  at  M  -  3.23 
than  at  M  -  4.83. 

Temperature  Results 


All  of  the  measured  temperature  distributions  are  presented 
in  table  3.  They  are  given  in  degrees  Kelvin  versus  S/R  for 
various  values  of  roll  angle  ip  in  increments  of  15°. 

Figures  9,  10,  and  11  are  plots  of  the  measured  wall 
temperatures  of  the  model,  versus  S/R,  for  ip  m  0°,  90°,  and 
180°,  and  with  M  -  4„83  and  a  -  18°.  Notice  that  the  tempera¬ 
ture  on  the  surface  of  the  spherical  nose  of  the  model  at 
S/R  -  0  varies  almost  3°C  as  ip  goes  from  0°  to  180°.  Under 
ideal  conditions,  that  is,  if  tunnel  supply  conditions  and 
the  temperature  of  the  coolant  fluid  inside  the  model  remain 
constant,  the  temperature  at  the  point  S/R  -  0  should  remain 
constant  because  this  point  is  on  the  axis  of  rotation  of  the 
spherical  nose  of  the  model  and  remains  in  the  same  position 
relative  to  the  air  flow.  As  can  be  seen  in  figure  12  the 
varying  temperature  at  S/R  -  0  gives  a  discontinuity  in  the 
temperature  distribution  at  S/R  "0.  It  is  likely  that  the 
discontinuity  is  caused  by  an  asymmetry  in  the  geometry  of 
the  model  due  to  the  presence  of  the  pressure  taps.  In  order 
to  eliminate  this  discontinuity,  the  temperature  at  S/'R  -  0, 
for  all  roll  positions  of  ip  >  0°,  is  adjusted  so  that  it  is 
equal  to  the  temperature  at  ip  -  0°.  Then  the  assumption  is 
made  that  the  entire  temperature  distribution  at  a  constant 
roll  position  shifts  by  the  same  amount  as  the  change  in 
temperature  at  S/R  -  0.  The  equation  for  the  temperature 
adjustment  is: 

TADJ(*,S/R)  -  Tjujas (0,0)  -  tmeas(^,0)  +  tmeas(^s/r)  (1) 
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This  alters  the  temperature  distribution  as  a  function  of 
the  roll  angle,  but  does  not  change  the  temperature  difference 
across  the  wall.  The  adjustments  in  temperature  do  not  change 
the  ratio  TW/'T0  more  than  5  percent.  Figure  12  illustrates 
how  the  discontinuity  in  the  temperature  distribution  is 
eliminated  by  the  temperature  adjustment.  Figure  13  is  a  plot 
of  temperature  versus  roll  angle  for  M  -  4.83,  -  18°,  and 

S/R  -  0  and  0.52.  This  figure  illustrates  how  the  tempera¬ 
ture  distribution  in  the  roll  direction  is  affected  by  the 
temperature  adjustment. 

Heat-Transfer  Data  Reduction 


The  calculation  of  the  aerodynamic  heat  transfer  is  per¬ 
formed  by  utilizing  the  steady-state  method.  A  detailed 
description  of  the  steady-state  method  can  be  found  in  refer¬ 
ence  (9).  In  general,  this  method  requires  the  solution  of 
the  three-dimensional,  steady-state  heat  conduction  equation. 
Specifically  for  this  problem,  the  shell  of  the  model  is 
separated  into  two  regions.  The  first  region  is  the  spherical 
section  and  the  second  region  is  the  conical  section.  The 
three-dimensional  steady-state  heat  conduction  equation  is 
written  in  spherical  and  rectangular  coordinate  systems  for 
the  first  and  second  regions,  respectively.  Then  the  heat 
conduction  equation  is  replaced  by  a  set  of  finite  difference 
equations  and  the  steady-state  adjusted  temperatures  on  the 
boundaries  of  the  model  shell  are  used  to  compute  the  tempera¬ 
ture  within  the  model  shell  utilizing  an  iteration  process. 

The  calculated  temperature  field  is  then  used  to  find  the 
temperature  gradient  normal  to  the  model  surfs.ce,  and  the 
local  aerodynamic  heat  transfer  to  the  model  surface  is: 

Q-kJ!  .  (2) 

in 

The  variation  of  the  thermal  conductivity  of  the  stainless- 
steel  model  as  a  function  of  temperature  has  been  measured 
by  the  National  Bureau  of  Standards  and  the  results  are 
preseated  in  reference  (10) .  In  the  temperature  region, 

223°K  ST  —  273 °K 

the  thermal  conductivity  can  be  approximated  by 

k  -  (6.354  x  IQ"6)  T  +  (2.31  x  10”3)  (3) 

where  the  units  are: 


T  °K 

k  BTU/ sec-f t-°K  . 
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Heat-Transfer  Results 


Heat-transfer  results  are  given  iri  the  form  of  the 
Nusselt  number  divided  by  the  square  root  of  the  Reynolds 
number  as  suggested  in  reference  (11)  and  the  equation  is: 


Nu _ 

Re1/2 


QCpo  r/k0@  (H0e~Hw) 
(Poe  H°e  r/Poe>1/2 


(4) 


If  cp  -  constant  (cp  varies  about  0.3  percent  in  the  tempera¬ 
ture  range  encountered  in  this  experiment)  and  if  the  local 
stagnation  density,  pressure,  and  enthalpy  are  constant  about 
the  body,  then  equation  (4)  can  be  written  in  the  form: 


where 


Nu/Re^/^  -  (constant)  ^ 

Tq-Tw 


(constant) 


r/k°e 

H„e  r/M„e>1/2 


(5) 


(6) 


Figure  14  is  a  plot  of  the  heat-transfer  data  versus  S/R  for 
11-4.83,  a  -  18°,  and  ip  -  0®,  90°,  and  180°. 

Theoretical  calculations  of  the  laminar  heat  transfer  have 
been  made  for  both  the  windward  (V-  0°)  and  leeward  CV''-  180°) 
streamlines  and  the  results  are  shown  in  figure  14.  On  the 
windward  streamline  (T“  0°),  the  analysis  of  Vaglio-Laurin 
(ref.  (12))  as  formulated  by  Zakkay  (ref.  (11))  is  used  to 
compute  the  heat  transfer  downstream  from  the  aerodynamic 
stagnation  point.  Using  this  method  two  calbulations  ar8 
made.  The  first  calculation  is  made  under  the  assumption 
that  the  heat  transfer  on  the  windward  streamline  is  equivalent 
to  that  on  an  axially  symmetric  sphere-cone  body  which  has  a  new 
cone  half  angle  of  the  actual  body  plus  the  angle  of  yaw. 

In  the  second  calculation,  the  effect  of  the  crosswise  velocity 
gradient  dw/d^on  the  spreading  of  the  streamlines  of  the 
inviscid  flow  is  approximately  accounted  for  and  the  value  of 
dw/dy'is  determined  by  using  equations  (1)  and  (A-22)  of 
reference  (11)  and  is  assumed  to  be  constant.  The  three 
constants  in  equation  (1)  of  reference  (11)  are  determined 
from  the  pressures  that  were  measured  at  a  constant  S/R  -  2.481 
and  y  -  0°,  90°,  and  180°.  Both  calculations  give  the  same 
heat-transfer  values  on  the  spherical  nose  of  the  body  and 
these  values  are  from  0  percent  to  13  percent  higher  than 
experimental  data.  On  the  conical  section  of  the  body  the 
former  calculation  compares  favorably  with  the  experimental 
data,  as  may  be  seen  from  figure  14,  while  the  latter  calcu¬ 
lation  predicts  heat-transfer  values  that  are  approximately 
30  percent  higher  than  the  measured  data. 


6 


NOLTR  62-35 


Another  theoretical  heat-transfer  curve  using  the  method 
of  Reshotko  (ref.  (13))  is  also  computed  for  the  most  windward 
streamline  of  the  cone.  Reshotko' s  analysis  is  for  a  sharp 
cone  at  an  angle  of  yaw  and  as  might  be  expected,  the  theo¬ 
retical  results  seem  to  approach  the  measured  heat-transfer 
values  toward  the  base  of  the  cone. 

Since  the  measured  static  pressure  distribution  is 
relatively  constant  for  ip  between  135°  and  180°  on  the  conical 
section  of  the  model,  a  calculation  of  the  laminar  heat  transfer 
was  made  using  flat-plate  theory,  and  the  results  were  trans¬ 
formed  to  the  cone  geometry  by  multiplying  the  flat-plate 

results  by  Vs"l  This  computation  was  made  using  the  results 
of  figure  6  of  reference  (14).  The  results  agree  favorably 
with  the  experimental  data. 

The  heat  transfer  versus  S/R  for  M  -  3.23,  a  -  18°,  and 
tp  -  0°,  90°,  and  180°  is  shown  in  figure  15.  Theoretical 
calculations  of  the  heat  transfer  using  the  same  methods 
described  in  the  previous  paragraph  are  also  shown  in  figure 
15.  When  the  heat-transfer  rates  are  presented  in  the  form 
of  Nu/Rel/2,  the  experimentiU.  and  theoretical  laminar  heat- 
transfer  distributions  do  not  change  very  much  between 
U  -  3.23  and  M  -  4.83.  In  figure  15,  there  is  a  sharp  in¬ 
crease  in  the  heat-transfer  rates  on  the  ip  -  90°  and  180° 
curves,  indicating  that  a  transition  from  laminar  to  turbu¬ 
lent  flow  has  taken  place.  Theoretical  values  of  the  turbu¬ 
lent  heat  transfer  to  the  leeward  streamline  have  been  obtained 
by  transforming  the  flat-plate  theoretical  results  of  reference 
(14)  so  that  they  apply  for  a  sharp  cone.  The  theoretical 
results  compare  very  well  with  the  experimental  data. 

It  is  interesting  to  note  that  the  experimental  data  in 
figure  15  indicate  that  there  is  no  transition  from  laminar 
to  turbulent  boundary  layer  on  the  most  windward  streamline 

0/  -  o°) . 

In  order  to  illustrate  where  transition  begins,  figures 
16  and  17  are  presented.  Figure  16  is  a  plot  of  the  experi¬ 
mental  heat-transfer  parameter  Nu/Re1'^  versus  I/-'' with  S/R 
as  a  parameter.  Values  for  S/R  equal  to  0.301,  1.392,  and 
2.636  are  shown.  The  first  two  curves  indicate  that  the 
heat-transfer  rates  decrease  asy  increases,  whereas,  the 
third  curve  shows  that  there  is  a  sharp  rise  in  the  heat- 
transfer  rates  at -  75°.  In  figure  17,  the  experimental 
Nu/ReA/  is  plotted  against  S/R  and  the  Y  -  60°  data  are 
•  completely  laminar,  however,  the  y-  75°  data  show  a  sharp 
increase  in  the  heat-transfer  rates,.  The  location  of  the 
laminar,  transitional,  and  turbulent  boundary  layers  on  the 
conical  section  of  the  sphere-cone  model  are  shown  in  figure 
18.  These  regions  are  determined  from  the  experimental 
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heat-transfer  data.  The  point  where  the  heat-transfer  rates 
begin  to  rise  is  taken  as  the  end  of  the  laminar  region  and 
the  point  where  the  heat-transfer  values  reach  a  maximum  is 
taken  as  the  end  of  the  transition  region. 

The  region  where  transition  begins  is  one  where  a  true 
three-dimensional  boundary  layer  with  crossflow  (that  is, 
flow  in  the  boundary  layer  normal  to  the  external  inviscid 
streamlines)  does  exist.  Experiments  having  to  do  with  flow 
on  a  rotating  disk  (ref.  (15))  verify  that  a  three-dimensional 
laminar  boundary  layer  is  extremely  unstable.  The  Reynolds 
number  based  on  local  flow  conditions  and  distance  from  the 
aerodynamic  stagnation  point  to  the  base* of  the  cone  on  the 
most  windward  streamline  is  1.4  x  10  ,  and  there  is  no  indi¬ 
cation  of  transition.  The  Reynolds  number  at  the  beginning 
of  transition  at  the  point  S/R  -  1.6  and  90°  is  only 
0.7  x  106. 


CONCLUSIONS 

Newtonian  flow  theory  predicts  pressures  on  the  surface  of 
the  spherical  nose  of  the  sphere-cone  model  that  are  slightly 
higher  than  the  experimental  data.  The  surface  pressures 
given  by  the  Kopal  cone  tables  are  slightly  higher  than  those 
measured  on  the  surface  of  the  cone.  Neither  computational 
method  is  adequate  for  predicting  the  pressures  in  the  region 
of  the  sphere-cone  junction. 

The  theoretical  laminar  heat-transfer  distributions  along 
the  windward  streamline  approach  the  experimental  data  toward 
the  base  of  the  cone.  In  the  region  of  the  sphere-cone 
junction  the  theoretical  laminar  heat-transfer  rates  are 
over  100  percent  higher  than  the  experimental  measurements. 

The  prediction  of  both  the  laminar  and  turbulent  heat-transfer 
rates  to  the  leeward  streamline  are  in  very  good  agreement 
with  the  experimental  data. 

The  experimental  laminar  heat-transfer  distributions  are 
very  nearly  the  same  for  both  the  Mach  number  3.23  and  4.83 
data,  when  they  are  expressed  in  the  form  of  the  Nusselt 
number  divided  by  the  square  root  of  the  Reynolds  number. 

The  Mach  number  3.23  experimental  heat-transfer  data 
indicate  that  increasing  angles  of  yaw  can  cause  transition 
from  a  laminar  to  a  turbulent  boundary  layer  in  a  region  on 
the  conical  section  of  the  model  between  the  most  windward  and 
leeward  streamlines.  The  experimental  turbulent  heat-transfer 
at  a  point  on  the  cone  that  is  midway  between  the  most  windward 
and  leeward  streamlines  are  approximately  50  percent  higher 
than  the  experimental  laminar  heat  transfer  at  the  most 
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windward  streamline.  This  transition  is  probably  due  to 
the  extreae  instability  of  the  three-diaensional  laainar 
boundary  layer  that  exists  in  this  region. 
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FIG.  14  HEAT-TRANSFER  DISTRIBUTION  TO  THE 
SURFACE  OF  A  SPHERE  -  CONE  MODEL 
AT  M  =  4.83  AND  a  =  18° 


HEAT  TRANSFER  PARAMETER  NuTRe 


NOLTR  62-35 


DIMENSIONLESS  CONTOUR  LENGTH  S/R 

FIG. 15  HEAT-TRANSFER  DISTRIBUTION  TO  THE 
SURFACE  OF  A  SPHERE  -  CONE  MODEL 
AT  M  =  3.23  AND  a  =  18° 
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FIG. 18  THE  REGIONS  OF  LAMINAR,  TRANSITIONAL  AND 


TURBULENT  BOUNDARY  LAYERS  AT  M=3.23, 
a  =  18° 


THERMO JUNCTION  AND  PRESSURE  ORIFICE  LOCATIONS 


NOLTR  62-35 


05  N  Tf  tO  QO  r— t 

a 

tfi  H  If)  51  M  00 

\ 

m 

to 

«••••• 

OHrlHNN 

co 

a 

x 

o 

o 

o 

c 

W 

0 

Eh 

*r4 

< 

•M 

erf 

^  o  a  h  o  m 

+» 

W 

U 

CO 

M 

Ph 

00  tf)  00  O 

M 

a 

tonmoM 

a 

s 

OrINf  m 

o 

a 

•  •  •  •  • 

w 

o  o  o  o  o 

w 

5 

PC 

CO 

w 

a 

CO 

a 

0 

w 

a 

•H 

a 

to 

•P 

<  a  u  q  w 

a 

e< 

•P 

to 

O^OOCONNtDHinO 

oiHrntoooHcntoaoH 

\ 

ooOHNnmtCNooo 

to 

HC'lNNWNNPinn 

(3 

O 

■H 

■P 

OHNniUntOMB® 

NNNNNNNNNN 

-P 

to 

w 

o 

a 

mm^cocnt'Ntnoin 

CO 

o 

Tjlt005rH-<}<lDa)rHTj<tO 

\ 

O^OOOHNMiOfflt* 

to 

o 

OOOHrHHHHHH 

Eh 

< 

(3 

Q 

O 

H 

•rt 

-P 

OHCHOOTjiiOtOt-OOtJ) 

<K 

<4 

rlrlHHHHHHHH 

o 

-P 

M 

a 

Eh 

o 

z 

3 

a 

OOtO^lOtOMOO 

onoooomN 

\ 

OHNnn'f'fm 

P'S 

CO 

W 

a 

ooooooooo 

Eh 

w 

a 

(3 

w 

0 

a 

•H 

a 

CO 

•M 

rl«n^«®t»00® 

■P 

CO 

HOLTR  62-35 


*  g«§a 
g  i0** 
B  8i|| 

ft  S  5  CO  00 


HnHpOVXIMfHtOIDMANH^ttMiiOOiOfeiVhNtOOQNaiNaiSnO 
^WOOC1«MQ®NaO«©OCi^O>»OMpOOtf50,^NM®rtWOO^'^'^'#lOlft®00* 
OO#®00NifNO0>«(O^NHO$^»®ift4  1'nW«HHN«NeiNN«N 
PlWNNNNCINNNHHHHrlHrtOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooooooooooooooooooooo 


«rt®Hgobn^®n«»H Nno «n^NNf o®®®®n»«®oh 
OO»#«M0f«O#^«fNHOfl0N»K»rtfi'n««WNC1C1NN«Nnci 
WWNNNWNWWWrHHHHHHHOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOH-®H««®NfO®nH#OHO>Mih«N®OHN«flOHOflOOlOONOW 

ftaaoDh^nrtHOflOMOrtCfHftflO^wJioiif^nnrtNNNnwwnrtw 

CINNNNNNNNNHHHHHHOOO^OOOOOOOOOOOOOOOOO 

000000000000000000000000000000000  0*000 

Sn#®flH®gf«HN®h,noe9rto®H»f  soNnn«NWO«Oht>NH 

p«ceo6h<omi|nHAa(iMAii«HOftnto®ioioiDf'«i<(on(<)nn(onNc<e4 

WN«N«{leiNWNHHHHrtHHHOOOOOOOOOOOOOOOOOOOO 

Bdddddddddddddddddddddddddddddddddddod 

M 

s 

h®nof®i>«i|Qono#’fci«o5Ho««®fQ®ci«fH(hflo««flOflO(»® 
pNWMCINCICieiNHHHHHH  H  H  HOOOOOOOOOOOOOOOOOOO 

H  •»•••*»••••*•••  •  •••»••*  i  •»»  t  i  t  t  •  *  • 

0,0000000000000000000000000000000000000 


Mionom® 
®®®«®« 
PNNC1C1N 
W  •  •  •  •  • 
wooooo 


CO  ©  *  b- 
O  ®  00  00  t*  <o 
HC1CSWNW 
|h  •  *  •  •  • 

<  o  o  o  o  o 

H 

oa 

®H«ON 
JNO  K)®® 

g  *>  »o  ia  •* 


®n®®Q^Hf«IOON®H1iH^®NH-f»fH1ilONiOH«HO 

HHHS®®®<fH050Hn®fSH®H^nO«®^fN{<HQS 

NNNWHHHHrtHHHHHQOOOOOOOOOOOOOOOOO 

doodoooooodooododddoooododooddod 

-**'*'4"pco<oacQtf)oicftNaone)t*Ht«O0>a<D-*-*c4ooiH<oat*<o 

NNCINdWHHHHHHHHHHOOOOOOOOOOOOOOOO 

ddddddddddddddddoddddddddddodddd 

io®N«N««H®»Ha>^HHno««n»«io®«««nrttHw 

eOOWWHOr^t^OOOOQWCQ^'r-I^OOOb.OCINWOOWHOO 

h«tCtO«®1iNO»«nnHOaN»®fP5N«HHOOOOO® 

ffnnwnnNNNNWNHHHHHHHHHHHHHrtHO 


N«®®HHN#p’J'N«fNOONO®fWNtP)N«O®WH0»O®lxH®® 

3H®NmoifiiownH«««n®i'«HpoN«®an®t®^o>NtoNONf» 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

’fn«Ot>®p®«®^OCStC®Cir>®iO®CO®CShCS®®W®H’f(3>^ON®^ 

aja®»N®®-fnHp®MftrtNo®®i,p}HO«t.«^nNNHOop®®® 

®®a®®®®®®®d)®®®®®C^NNN^N®®®®®®®®®®®®®lO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


oo»®HNNioan®««a»opooHNn®^oi)Hii»f®wH«®irHtt 


NBrttnNHHO®a®«®NNhNN 

BB®ttQ6®«»«hNNN^h>NNNN 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


OM)OiAO®Otf)OiOpnp»OiApiflOiAO®OtOO®OiOO>OpiAQtf)0®0 
Nc<iinii«®®®®hb.«a®AOOHH««n®®ii®A®®N^B 


? **  rnwimm  nuMtumw  «* 


NOLTH  62-35 


O' 

ro 

O' 

•— 

o 

jy 

P 

o 

jt 

o 

f"- 

o 

vn 

CM 

CP 

O' 

CM 

o 

vn 

CD 

•o 

O' 

un 

o 

O' 

un 

CM 

CM 

o 

ro 

N- 

CM 

o 

O' 

vn 

O 

P 

O' 

CO 

rw 

N. 

o 

o 

v*. 

'O 

N-. 

O' 

o 

p 

O 

h- 

CM 

Ip 

un 

VP 

o 

•n 

03 

JT 

O 

O 

JT 

P 

O' 

CM 

cc 

.y 

vn 

CM 

o 

O' 

03 

«o 

IP 

K) 

— 

O' 

ao 

•o 

JT 

vn 

CM 

O 

O' 

CO 

N* 

o 

VP 

un 

JT 

JT 

.» 

JT 

JT 

P 

un 

p 

<5 

«o 

JT 

<0 

*n 

'O 

v> 

vn 

*n 

!M 

CM 

CM 

CM 

CM 

CM 

*■* 

•** 

— 

*■» 

o 

o 

o 

o 

o 

3 

Q 

o 

o 

o 

o 

o 

a 

O 

O 

© 

o 

O 

Ov 

o 

O 

o 

O 

o 

o 

o 

O 

o 

O 

O 

O 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

fO 

K! 

«y 

JT 

in 

h- 

vn 

in 

K 

h- 

■o 

p. 

>0 

o 

CM 

fM 

03 

rp 

h- 

O' 

p. 

n 

Jf 

CO 

o 

in 

so 

so 

O' 

O' 

vn 

0- 

tn 

CM 

CM 

CD 

o 

00 

vi 

-0 

P 

CM 

O 

N* 

o 

h- 

CM 

p 

«>> 

•» 

vn 

CO 

m 

fH 

VP 

m 

-0 

O' 

(Nl 

m 

o 

m 

*n 

JT 

3 

in 

(M 

p 

ao 

O' 

o 

fO 

P 

<7 

T 

m 

CM 

«— 

o 

00 

N- 

VP 

4T 

CM 

o 

O' 

K- 

p 

JT 

tr\ 

•• 

o 

O' 

N 

h- 

o 

o 

VP 

un 

VP 

VP 

un 

p 

<3 

O 

o 

o 

O 

•n 

vn 

V> 

fO 

vn 

M 

CM 

(M 

CM 

CM 

CM 

CM 

CM 

** 

p»» 

— 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

a 

o 

o 

CM 

o 

o 

O 

O 

o 

O 

O 

o 

O 

O 

O 

O 

O 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

p 

*n 

*0 

p 

p 

F- 

o 

CM 

•o 

*n 

o 

o- 

Kk 

r- 

CM 

O' 

JT 

O' 

>0 

CO 

J* 

o 

so 

CD 

>c 

O' 

O' 

CSJ 

*o 

(M* 

p 

p 

> 

o 

.y 

CM 

O 

o* 

*0 

o 

o 

O 

CM 

VP 

o 

y 

o* 

p 

O' 

>o 

<5 

JT 

o 

O' 

vn 

o 

vn 

00 

a- 

-o 

un 

VP 

03 

o 

CM 

CM 

o 

p 

p 

JT 

J* 

CM 

a 

CJ 

o 

in 

m 

CM 

o 

CO 

VP 

Jt 

M 

o 

O' 

ao 

N 

s. 

o 

o 

m 

un 

m 

J3 

P 

p 

P 

«o 

•c 

o 

O 

• 

•o 

fO 

v* 

"1 

PO 

V> 

CM 

cm 

CM 

CM 

oj 

CM 

*- 

•“ 

*“ 

•* 

r— 

O 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

O 

o 

o 

*-< 

- 

o' 

o 

O 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

c 

o 

o 

a 

r;> 

u 

o 

r-% 

J 

UJ 

•0 

h* 

vn 

Jt 

Nn 

JT 

30 

O* 

*0 

N 

o 

o 

vn 

in 

o 

O 

CD 

JT- 

O' 

in 

o 

n 

so 

Jt 

CD 

Jt 

K 

K 

■o 

o 

CM 

JT 

o 

ao 

UJ 

a: 

CO 

vn 

o* 

CM 

jt 

vn 

O 

O' 

CO 

o 

o 

P 

o 

■o 

CM 

CD 

h- 

o 

vn 

vn 

VP 

O' 

JT 

CD 

*P 

*p 

O 

•• 

h- 

h- 

ao 

CD 

O' 

O 

o 

CD 

P 

* 

•P 

© 

M 

V? 

f\l 

CM 

*— 

O 

o 

V- 

IP 

Jt 

vn 

o 

ao 

V- 

o 

vn 

CM 

o 

O' 

CD 

OJ 

h* 

h- 

o 

O 

*c 

VP 

p 

p 

P 

p 

P 

o 

P 

« 

p 

*) 

vn 

«o 

vn 

VI 

M 

CM 

rj 

CJ 

fw 

CM 

CM 

CM 

r" 

o 

O 

o 

O 

O 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

O 

UJ 

VO 

« 

VO 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

t 

* 

• 

• 

« 

• 

i 

• 

• 

t 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

H* 

UJ 

i  — 

UJ 

O 

O 

o 

O 

O 

O 

O 

a 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 

T> 

L  J 

x 

U 

a 

^  o 

z 

4* 

g 

UJ 

P  J  UJ 

UJ  CM 

X 

UJ  JQ 

-J  — 

0 

a 

UJ  — 

p“ 

p 

cc  X  o 

QC  • 

W 

Sp/ 

o  • 

3  — 

2T 

UJ  O  CD 

O 

N 

O 

O  •  — 

V— 

o  vn 

Z 

• 

z 

3  CO 

O  O' 

o 

•  ^  li 

CJ  M3 

A 

03 

N- 

•s 

»— 

P-»  UJ 

P  • 

£ 

3 

CM 

M  II  CC 

P  O 

■ 

X' 

• 

3 

UJ 

vn 

^  UJ  V 

-J 

a: 

U  CC  < 

2 

V* 

il 

<  3  CSC 

o  o 

p 

V-  p  UJ 

—  CM 

—4 

cc 

V*  P  X 

P  P 

3 

iu  <  uj  x 

2  • 

03 

CC  UJ 

UJ  CJ 

tJ 

X 

vi.  x  v- 

X 

a: 

3 

3 

M 

3 

Z 

>  >• 

o 

P 

'JJ  J  J 

r*~ 

p 

«*» 

-J  *x  .% 

o 

wJ 

•J 

o  x  u. 

X 

Oi 

Z  3  D 

• 

C. 

X  <  P  P 

o 

K 

a 

NCOO 
H-  aj  -O  (N  CQ 
ONMN- 
I—  ft  or,  X)  W| 


mn1i/l-NN^'0'-'OIDaO'<DNa-ui/10SOMO'Ol/\0-l>K,<l'0'CJ1 

0(Ol/'/lS(\'O^S^Ol/1^0'ONO-WOO/|NNNini/lNSCDlDeDN 

*OfMfM«M(N(PvJ(NfM  —  —  —  —  —  —  —  —  —  oooooooooooaoooo 


0.0000000000000000000000  0  00000000000000 


OyiO'OOJI^O'JO^'flNONSl/INM'-MNO'OIM'-fflOOtOOONIMJINO 

—  —  oo»ONfl^'iNo»NOwu,niM  -  o»o>ooaj^O'0>o>flifiin^/iiflji 
XI  — .  *lr'0(\|('urg:M(MfVr\J<\|  —  —  —  —  ——  —  —  —  OOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOI^OOOOOOOOOOOOOOOOOOOO 

if»4^^i3O'OJ3NC>NN4NOIMJ'O>«N(M00(l)'O-S^OJ<0Sfl 

vO  O  O  >  04N0f1M00N1fl»t3»ffl»10  OM-rg-M-OOJI-'ON-O^ 
nn-0'.n.».»jrjr.»y'0«n'0'nfci<\»:M<’ijf\frg{\/rM  —  —  —  —  —  —  —  —  —  —  —  —  —  — 

oooooooooooooooooooooooooooooooooooo 


kixik(>.  —  — — -eooo^^M  —  — sfriAi/v>ifioj,00''0®'0'0jftfP"!0»0|'i’,i 
■ojifl'0>flO'n'«Mifl#»Ji>-ooo<Nin^>OJi'00'Osl»o(>-iflo.tf-o> 

00®C0O(Dt0BNNNN'0'0C<'0l/,'/li/>l/1injfSJ4j»lr)>OFil’n(n»ll<1M»l»o 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

■0'OnoS-i/l''-0'-inS3,^ON«lM^^NMnt>030Mi/10'Ol/'<Oi>f*00 

/l714SNStOa3JOS"'1N-<l-4'001)-((10lfl(VNijniV*UnO‘>nffli#if 

&->>>o>ooi>>>a-oocoiia3^-^N.r-N-.f>-o<jo-o-oo-o^^-07iiAjij^ 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

N3-40'3Kli/l-OOhiNC«K.-S>^aNONa)0'M<ll/lNin,00’-'-- 
o«/'Mffl/iiNa30«itoo5>^(\jr^j'o^^sN!no— xin^— ojonoo-o 
■OO'Ofl^/l/U^iOC'J—  OO'C'ONj^JMN  — 

0">o>>o-o>o>(>o->aocja3Qj03  3(si3E'Dr-.*-^-p“^-r«'^-*^x-f^.-_^ 

ooooooooooooooooooooooooooooooooooooo 


z 

<0'jio\no'/ioi/ioifloifloifloinomoiftouioi/i0t/'oifloifloifl0i/'oinc 
—  —  N(\in,“^^L.'l/'fl.0SX.05C00'5>OO  —  -  IV!V,1<>1^4  0/l-0'0,-r-2 


o 

rrr 


Table  2  (coat  *  d . ) 

PRESSURE  DISTRIBUTION  CN  SPHERE-CCNE  MODEL 


IfOLTR  62-35 


o 

X  7T 


CO 

of 


<s» 


CO 

An 


o 

o 


U. 

> 

<p% 

o 

-J 

UJ  — 

UJ 

J 

a  jt 

kh 

* 

vO 

o  ^ 

oc 

Of 

uo  p- 

UJ 

i/1 

• 

y/\  • 

i— 

UJ 

X  — 

tJ  o 

UJ 

tu 

>- 

oc 

j: 

ft' 

o 

a 

** 

o 

? 

N- 

UO 

-j 

UJ 

UJ  <\l 

M~  «/> 

UJ 

3 

u 

3 

O 

U J 

tap 

Up  — 

ec 

X 

o 

oc  • 

•-*  • 

o 

• 

3  *- 

X  o 

UJ 

o 

a) 

O 

o 

• 

p— 

u- 

•X 

o 

•+* 

r 

O  O) 

o  > 

•uj  -y 

• 

o* 

II 

u  O 

a  ao 

r^* 

3  — 

UJ 

i/i  • 

i/i  • 

<N 

M 

M 

re 

vn  o 

wft  O 

« 

3 

;•! 

*.  J 

•o 

X 

•u 

►- 

3 

fi 

o  a: 

< 

7, 

X  *- 

M 

< 

o 

al 

O  O 

*• 

w 

UJ 

— •  »M 

3  OD 

V 

•/I 

Q. 

v/1  J5 

•*•  •— 

lU 

< 

Ui 

X 

7i  • 

H  • 

03 

r-: 

UJ 

UJ  o 

•1  o 

j»- 

u. 

X 

Wp. 

X 

►— 

n 

rj 

-ta 

p 

•— 

>• 

a 

•o 

UJ 

-J 

*  J 

3  > 

X 

-J 

Q. 

fl 

o 

<  S) 

o 

o  a. 

X 

J  •*) 

<■ 

< 

• 

a  • 

X 

< 

uft 

o 

3  O 

CO 

-n 

rg 


00-0-'0'“NO(M^Sf'J©NN«(VJO>MOOk^'Ol/'0‘^COOO/ICOCOmCf0^ora 

•-a'CDS^^MOOfOOMNjO'l.'IK'OO'OOO^fViOlO^'O^rJOOoOOOOm 

S<0'00'0'0'0'0l/V^^J4MMMW»CNN'-  —  ooooooooooooo* 

—  —  —  —  —  —  —  —  —  —  —  ^  —  OOO 

OOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOO 

CO^^CsJCNiD-—  fVN-J'^'O^CSJOO^'O*—  —  OCOOJO^O*—  O<M^rgC0K,'C>rs-(\a0 
oo*cDNin^-0'OrgfgcujnfN<cs/)N,^ookP'-a)/iNO®^J'r‘v'»“'“00!>^^i'D 
ES^f.SSO,0^0^1r^jjnfO(Mrj(\J»-p'*-p-uOOOOOOOOO,(M>0 

—  —  —  ^-e-~e-~pp-p-*-^-e-~e-P-p-  —  p-OOOCJ 

oooooooooooooooooooooooooooooooo o  o  o  o  o 

k-  CO  O  «C  oO'“NONNO,iO,NO^N^,*0*M^,p"'0^*“#*N4^^(NiO'"'C<D  O 
N>OknJMOO‘K'OfN(DJOMr^^'"’0^',,^,0^OID^^JfN'"OOOOOCv 

—  —  p~  p-  —  ~  t-.  e-  —  —  —  p-p-p-p-p-  «-» 

v^ooooooooooooooooooooooooooooooeooo^o 

I'O^'OO^'-^^lDO-^Ol'-NOO^Cf^'-O'OCJOCOOOOOGN 
i'~oo^fON»jfrgc>ir>c^cown(Njo«oogco-^(N^“Ovn',oo  —  ocor^-N>f^Nr--Ln 
fs-  CO  <)<3  O  O  O  O  O 

,p«p-p-p-p-^.^p-p.p-p-p-P-.p-.^-^-^  —  P-^-p-^-P-  —  ~*-**0000  0  00 


—  —p-  —  —  —  p-p-*-  —  —  —  —  —  —  OOOOOOOO 

JfJOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

^SCfv^'“,"0^F*0<50'^00^^'-(NJ'“N^^'r|Ot>'O^OfrCL'S>(V(M 

,0-OTV3)0^-?-yU)^ON/)-Nj'>>-Ov10N^Mf>^^^^^C>NNN 

u3i3to^-^^^^'OOkrun*-njfjf^N'f^(sjfgf\j(si— p-  —  ooooooooooo 

—  p-p-p-p-^p-p-^.^.  —  —  p-p-.  —  —  P-—  —  p-p-p-p-p-^p-—  p-P-OOOO 


rjrjtN--'--OOOJOOO>>> 
—  p-  _  p-  —  —  ooo 


rjs-^0X3^'0^J0^’^,J0r^>o^ 
jyro^oojrgcNir^cgrsjoj  —  —  '-'- 
l  og  <N  .*N  ftJ  <N  rg  eg  < 4  '.>J  N  rg  rg  in 


i/''Ojt^fgco»n^(\  -u*»co3Dcor'J^rg^'^^^(Mr^-co  —  ^04r«ocg^r  -o  "  co  --  o  o*  o- 
c^^^ofg,/>coo‘Bc*‘NK©a)fg<oo,ocoN'003»-^a)N>o^oNiA'OW(\oo 

nnnncoooo-oooO'Ooo’/u/'^i/wh/'^i/i^ji^^i/'^i/'/;^^/-*^ 

oooooooooooooooooooooaoooooooaooooooo 


ON^^4^nOOw'OO-NN-0‘JO0*^^OO4’0^*-^^OOaiAMf0M,0 

v  "ocnjcmp-  —  ooojD^^«oo^^-nj-)-»«y^OM^v>rgrjrv^*  —  —  o  o  o  o  >  >  :>  o 

—  >  >  C*  ■>  >  o  o*  ro  a>  w3  co  x>  to  CO  X5  :0  ro  00  CO  CO  O  ro  O  CO  ’X>  X)  .'0  .  0  O  X?  O  -0  '*)  N-  N- 

o  ooooooooooooooooooooooooooooooooooooo 


J^O0‘O^'"4^'-a3C3M(\fNJO^MOC0-O(M'0'“  O  fOO  CJ  ■O'-COtOCDf'-N-^ 

ro  f\joo<340C3/)NOOiT)co>c>>'->N/)1jjrvjfgoocos^o^^-oO'a}3;a) 

J  f>  (>  O  O  .‘ >  <>  O*  >  >  >  O  >->>  &  O  O  >*>  >  >  >  O  >  O  ^  >>  .>  C*  O  >  >  O  O  >  O' 


O  000000000000  0  0000000000000000000000  15  0 


u> 

-I 

o 

z 

<0/10^0-/10^0^0  jio/ojioit.  o^o^  oinoinoi/io/ioiro^oi/io 


o 


T 


HOLTR  62-35 


ONN’^CMMi/'Nifl^ift’-OMAJOOtfNNm-^OOfOKl-'C-O'NNNNN 


—  >CON^(VO^-0  —  SKItMfl—  OOMONWSl/lNOO-'OJN  —  OCOOJ-O-OOO'O'O 

■=r  —  —  —  —  —  —  —  —  —  ooooooooooooooooocooooo 


."Nl  ooooooooooooooooooooooooooooooooooooo 


O  !DOS*JU,“(H>J&'0MO’CfMn}ifl“3D"(>^tfinO>^*i/lMKi»-OOOOO0' 

«’  —  —  —  00  000cutnf-l'»r-l‘-f-'0'00'0'0'0'0'0'0'0-0u~l 

—  ——————  —  ——  —  —  —  —  —  OOOOOOOOOOOOOOOOOOOOOO 


<nj  oooooooooooooooooaooooooooooooooooooo 


-o 

o 


_J 

o 

• 

L  1 

x  rr 

mrn 

£2 

mm 

O 

u.  > 

£ 

O  -i 

UJ 

X 

l* 

i/!  *: 

a 

.4 

O 

U  i  l/l 

A 

o 

«—  t" 

X  — 

4 

1 

w  iu 

►— 

V 

1  * 

>_  a 

o 

* 

or 

M  O 

7 

4J 

UJ 

1/) 

-J  UJ 

Ui  f\| 

fl 

X 

UJ 

-1  o 

.-J  — 

0 

a 

' u 

mm 

o 

l/) 

or 

X  o 

cc  • 

w 

o 

« 

~>  — 

CM 

2t 

jj 

o  o 

o 

O 

a 

•  <N 

O 

7T 

• 

o 

o 

o  O 

r*4 

O 

• 

O  II 

o  -o 

.Q 

— • 

*o 

All 

r*- 

JJ 

►- 

UJ 

CO  • 

05 

It 

l«  cc 

CO  o 

-J 

• 

D 

.u 

— i 

-4 

* 

UJ  I- 

mJ 

CC 

u 

a£  < 

s. 

mm 

II 

< 

D  Cs£ 

O  O 

J*» 

•— 

v-O  *JJ 

r*j 

w 

wo  a. 

CO  .0 

Q 

L4  < 

UJ  X 

a  • 

C£  UJ 

JJ  o 

wLt 

£ 

u. 

o.  »— 

X 

or 

o 

t-4 

J5 

>•  > 

Q 

-0 

uJ 

.J 

N- 

y> 

X 

-J 

X  *. 

O 

jj 

'J 

J 

X  X 

a: 

< 

z 

a  x> 

a 

X 

< 

-0  i/I 

•  o 

o 

JO 

• 

o 

<o 

vn 

• 

o 

“1  O"  ’*"l.4(\l<\l<D(a^.»Kl-C0-0'Ul  —  h-  O  —  —  O(0OSJ0>O®S)M  -  u> 

j^"^<'-;'-cv^^r'f'vcoo<N33tnf\'fv-o'oo'0<n-Okn^(Nioo-Oin^fOfMooooN. 

fOMMM<0(M(\NN'"^"»*0000*0,ff‘fl)ID^N^NNN^>0'OCO,0^)<l'0’0^ 

—  —  —  —  — - —  —  —  —  —  —  —  —  oooooooooooooooooooooo 


OOOOOOOt  OOOOOCOOOOOOOOOOOOOOOOOOOOOOO 


uj'O«O0O'C'Of>i  —  j^cvji/^cos-O'O^^u^'O  —  */ionJ'OC'JO*/»v/ion"i^'©  —  c\j  —  -oocsiro 

DK'MK<n'0*lfjrir‘JM>-<-.--OCO!M>»nnD(I)M^S*.SK<JflocO'OC'C 

—  —  —  —  —  —  —  —  —  —  —  —  —  —  otjoooowoooooooooaooo 


ujooooooooooooooooooooooooooooooocjooooo 
cc  " 

3l 

oo5BMffl(‘'-c.'iri/i«sjc>-jiaeoMnoiroacO'®inifl-^fr3>-4o.i 

hlUSSNjrM(JCUi/'HO/IJOIt)MONlOOt>'OKlMO"044M-OIMI)!D®SN 

Ofl"1*1*l«1»l»lN«N(M>-»''OOOIHMM)OI»0UNKSMwM»O«OO«o 

—  —  —  ——  —  —  —  —  —  —  —  —  —  —  —  —  —  CJCJOOOO  o  ooooooooooooo 


0.00000  OOO  OOOOOCOOOOOOOOOOOOOOOOOOOOOOO 


—  <v 

lj  <\, 

3C  -4 

o  — 

U1  a 

i/l  o 

u 

ttf 

C.  ~1 
oa 

o  -o 


N-i/ia-OO'ONM'ONO-JfrfrOe  J»0"1 
IMMQS.l-(vOHOOJO<!JIMO'/l"l-a) 

—  —  —  ——  ——  —  —  —  —  ——  —  —  — OOOO  .-5 


1NOCKMXM) 
fflJJfflSNSNN^a.oooo<l 
OOOOOOOOOOOO  ooo 


000000000000000000000000000000000000 


■O  '>  *-  Sl  Jt  m  —  *)*-!?.  lO0.SSin  -  —  LDOnjCM 
OJK’.-fflKjOS  JO)Ni>-AJ~COOOJC'J 
O  -O  -O  O  J">  O  .O  O  J  .ITO(VNNN--'JQO 


CW  — 

O-  I*-  .»  —  OAHU  J«lNOOO» 
OT'OOCOXSJUJSJJCOaaMJN 
OOOOOOOOOOOOOOO 


►-  • 

<  'J 

t— 

• 

Z3 

• 

o 

CJ 

•  i 

o  o 

• 

o 

• 

o 

•  •  •  •  • 

o  o  o  o  o 

c. 

c. 

0. 

*0 

*0 

*0 

•  • 

o  o 

A 

o 

•  • 

o  o 

A  A  A  A 

o  o  o  o 

0. 

0. 

0. 

o. 

0. 

A 

o 

•  A  A 

OOO 

<N 

o 

AO 

S.  JO 

»J0 

^  JO  — 

•o  An- 

JO  <M  — 

.4 

AO  O 

AO  o 

JO 

O  N» 

•o  IM  N-  AO 

JO  fM  iM  -JO 

AO 

JO 

AO  JO  co 

-J  > 

o 

O  03  ^  o 

O  O  <5  <M  -O  f> 

<M  O  — 

N-MO 

fM  X) 

CO  AO 

0*1/00-0 

0*0  0  CO 

»w 

J3 

JO  X  AO 

in  (\  rg 

in 

wm  mm 

OO  >  >(DN  s  o  C 

JO 

X  X 

fO  CM  CM 

mrn  mm 

o  o  o  > 

u  m 

a  ■  a 

O  AO 

*o 

*o 

“  <  W  CM  <M 

rj  <m  cm 

<MCMrgrgrg(NCM,M<MCMrg  — 

—  —  —  — 

— 

— 

—  —  — 

-J  O 

o 

O 

o 

o  o 

o 

o 

ooo 

o  d 

OOO 

o 

d  d 

o  o 

■o 

■o 

•o 

c. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

A 

o 

A 

o 

*0 

*0 

*0 

•JO 

rg 

JO 

CD 

AO 

AO 

—  AO  ^ 

—  o 

4  O  «0 

o  o 

CO  o 

JO 

•JO  Jf 

bm  «0  pg  CO 

X 

c*  o*  x 

aj 

JO 

IM 

CO  — 

<o 

> 

CM  <0  O 

cy  *o 

CM  CM  JO 

o 

O  AO 

CO  — 

X 

N»  O 

ON  04 

s» 

-o  >o 

JO 

4  "O  fM 

«—  mm 

OOS3 

N- 

O  JO 

JT  X 

•o 

CM  <M 

—  ooo 

O  CO  00  to 

00 

CO 

N  N  N 

■o 

o 

•o 

■O 

•o  -o 

o 

>0 

0  0-0 

* o  «o 

•O  JO  JO 

JO 

JO  JO 

JO  J^ 

JO 

JO  S) 

ci  ji  a 

X  X  X  X 

X 

X 

-4  ^  4T 

• 

• 

•  • 

»  •  f 

• 

•  A 

A  A 

• 

A  A 

o 

o 

o 

o 

o  o 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

o 

o  o 

o  o 

0 

0 

0 

o  o  o  o 

o  o  o  o 

o 

o 

ooo 

- 

- 

CM 

fO  <o 

jr 

"O  co  eg 

O  CM 

—  O  CD 

o 

•o  — 

-0  — 

A*» 

X  o 

N-  JO  S3  CM 

JMOC 

AO 

33 

Ik* 

CM 

St 

0^0 

JO  o* 

CM  JO  ~ 

JO 

CO  (M 

-4  o 

X 

A«- 

n  o  4  a- 

*o  o  N  «0 

*o 

J 

o 

o 

o 

o  >>  o 

CO  K 

*-  o  o 

JO 

X  X 

AO  *0 

CM 

mm  mm 

o  o  o  co 

20  CO  N  N. 

• 

o 

^  o 

> 

r> 

o  co  no 

co  lo 

03  CO  S3 

03 

o  o 

33  CO 

a 

33  33 

O  Nfwk 

N  N  S  N 

N* 

Aw 

N  N  M 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOCJOOOOOOO 


O) 

a0 

o 

« 

o 


MOOJ1  — 
O  .»  .»  f\l  O 

f-  N.  fc.  N.  -o 

O  >  O  0-  O' 

•  I  *  *  « 

o  o  o  o  o 


O  4  NOSi/'  -  CO  4  O  O 
'CCC'0JliWl44-*4 
'>^>>>00  >  c> 

•  •  ■  •  •  <  f  a  i  •  I 

ooooooooooo 


N-  —  lA<N—  •O^O—O 
-O(MC041<\/C0U^rw>N- 
—  -  OO 

>!>>>>■>  >>>> 

•  aaaaaaaaa 

oooooooo o  o 


N  O  on  O  O  M  "1  «V<1 

000>>0>C^t>i>>00 
OO-TJCODCOCU'O  v;  n> 

aaaaaaaaa  aa 

oooooooooo  o 


<  o 


i/iovno»romoi/iomoi/ioi/i04io 

--OgNv1^44Jl/14^Sa-'030 


?00--l\|NMai44ifli/ifl  O  N-  f«-  45 


O 


TEMPERATURE  DISTRIBUTION  ON  SPHERE-CONE  MODEL*  CNOSE  SECTION) 


1 

I 

|V 


HOLTR  62—35 


o 

00 


m 

0 


o 

9 

i 

•OhNO J 

4 

rg 

4> 

m  r- 

ao 

rg 

0 

4 

o 

O' 

• 

•  • 

•  •  •  • 

• 

• 

• 

•  # 

• 

« 

• 

• 

• 

m 

• 

m 

O'  (M 

O'  co  0  rg 

h- 

O' 

O 

O  to  4 

00 

j n 

fn 

4 

4 

*1 

m 

to  ir\  ■#  to  «t  -» 

TO 

fn 

4 

4  m 

TO 

<n 

cn 

tn 

m 

m 

CM 

CM  CM 

eg  cm  cm  cm 

eg 

rg 

<M 

rg  rg 

rg 

eg 

rg 

CM 

rg 

rg 

rg 

m 

2 

0 

0 

2 

2 

7 

O' 

03 

H 

7 

1 

0 

«n 

rg 

O' 

6 

2 

m 

• 

• 

• 

• 

•  •  • 

• 

• 

• 

• 

• 

• 

in 

oro  ao  f-  rg 

O' 

»g 

o  O'  m 

ao 

'O 

r> 

4 

in 

in 

m 

m 

fn 

4“ 

4mm 

m 

m 

m 

cn 

CO 

m 

CM 

cm  rg  rg  rg  rg  rg 

CM 

rg 

rg 

rg  cm  rg 

rg 

CM 

rg 

rg 

CM 

rg 

•  2T 

o 

I  > 
-J 
U.  UJ 

O  V 


i/>  to 
OC  Ui 
UJ  UJ 
K-  ft 
UJ  o 
2»*  UJ 
to  —  n 
UJ  _l 
UJ  JO 

cr  —  • 
ozo 
uj  eg 
a  o  cn 
O' 

oo  o  « 

^  <M 

rg  uj 

OC  M  «  CC 

•  ID 
4  VliJK 

u«  < 

*  <  z>  a 

t-io  UJ 

cc  >-  a 
uj  <  uj  x 
a)  a  uj 

IlLQ.h 

D  o 

IT  >  > 

UJ  J  J 

i  j  a  a. 
u  o  a  a 
<  S'  3  3 
3E  <  0  i/> 


o 

m 


ITS 

m 


o 

eg 


m 

o 


to  o 

UJ  O' 

UJ 

ac 

O 

UJ 

o 


_J  o 

o  0 
r< 


m 

4 


o 


o 


or 

v. 

to 


H 

r~  o  to  >c  >o  ■# 

o 

m 

CO 

4 

6 

O' 

00 

in 

CM 

o 

rg 

in 

0*cn  o  co  r-  <n 

oo 

o 

rH 

*-g 

O' 

m 

*n 

sD 

4 

in 

m 

0 

m 

^  if\  in  n  ^  4 

cn 

4 

4 

4 

cn 

m 

cn 

m 

cn 

cn 

cn 

cn 

CM 

rg  rg  CM  CM  CM  CM 

rg 

rg 

rg 

CM 

CM 

rg 

<M 

CM 

rg 

rg 

CM 

CM 

rg 

r~ 

4 

o* 

cn 

4 

4 

cn 

cn 

CO 

«n 

r- 

4 

00 

O' 

0 

cn 

o 

4 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

« 

• 

« 

• 

• 

• 

• 

m 

o 

m 

o 

o 

CO 

4 

O' 

H 

CM 

CM 

o 

0 

O' 

in 

0 

r- 

m 

4 

m 

in 

cn 

4 

4 

cn 

4 

4 

4 

4 

cn 

cn 

cn 

cn 

m 

<n 

cn 

rg 

cm  rg 

rg 

CM 

rg 

rg 

CM 

CM 

CM 

CM 

CM 

rg 

CM 

rg 

rg 

CM 

CM 

rg 

O' 

o 

m 

m 

CM 

CM 

4 

r— ♦ 

H 

CO 

h- 

00 

r-* 

in 

O' 

cn 

CM 

O 

4 

4 

o 

cn 

H 

O' 

O' 

in 

o 

CM 

cn 

cn 

rH 

e'¬ 

o 

ao 

0 

r- 

r- 

n; 

in 

4 

in 

in 

cn 

4 

4 

4 

4 

4 

4 

4 

en 

4 

cn 

cn 

cn 

cn 

<n 

CM 

CM 

CM 

rg 

CM 

CM 

rg 

CM 

CM 

CM 

CM 

CM 

rg 

CM 

CM 

CM 

rg 

CM 

rg 

m 

O 

4 

O 

r- 

O 

m 

a> 

O' 

00 

rg 

O' 

o 

O' 

»— 

rl 

CO 

4 

• 

• 

m 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4 

o 

fn 

CM 

O' 

o 

0 

O 

cn 

4 

4 

cn 

h- 

rv 

o 

h* 

CC 

OC 

0- 

m 

4 

m 

in 

cn 

in 

4 

4 

4 

4 

4 

4 

•n 

4 

cn 

fT 

fn 

cn 

cn 

rg 

CM 

CM 

CM 

rg 

rg 

CM 

rg 

rg 

rg 

rg 

CM 

r  m 

rg 

fM 

CM 

CM 

CM 

(M 

rg 

rg 

0 

in 

O' 

O' 

o 

cm 

cn 

cn 

4 

m 

rg 

m 

r- 

in 

in 

*-C 

9 

• 

9 

• 

• 

• 

• 

9 

• 

• 

• 

• 

• 

• 

• 

• 

• 

9 

• 

4 

O' 

cn 

CM 

O' 

O 

CO 

H 

4 

0 

Ml 

4 

c> 

fn 

*— i 

a 

C 

o 

H 

y  ui 

•  ™ 

cn 

m 

in 

cn 

m 

4 

♦ 

J 

4 

4 

4 

cn 

4 

4 

c* 

eCt 

4 

4 

CM 

rg 

CM 

CM 

CM 

rg 

CM 

rg 

rM 

CM 

CM 

CM 

rg 

CM 

CM 

CM 

tv 

CM 

* 

3  rT 

cn 

CM 

0 

4 

•X) 

O' 

CM 

OJ 

*g 

in 

O 

r- 

if* 

O 

fn 

tn 

O 

K  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

9 

• 

• 

• 

• 

L  4 

O' 

4 

cn 

O 

tM 

O' 

cn 

u\ 

CO 

cc 

h- 

o 

U' 

r> 

o 

H 

CM 

m 

•c  »n 

cn 

m 

»n 

4 

in 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

y  cm 

CM 

rg 

CM 

CM 

CM 

CM 

CM 

CM 

rg 

CM 

rg 

rg 

rg 

rg 

CM 

CM 

CM 

CM 

4 

<o  CO 

0 

£ 

C0  r-4 

O' 

r~ 

rg 

4 

»-*♦ 

-M 

03 

o<  o: 

rg 

fn 

*-g 

4 

O'  4 

4  ^ 

cn  CM 

4 

r- 

CO  o 

O- 

CM 

r- 

4fl  *H 

m 

4 

i/> 

m 

cn  m 

in  4 

m  in 

4 

4 

m 

in 

4 

4 

4 

4  4 

4 

4 

4 

CM 

eg  rg 

rg  rg  cm  cm 

rg 

CM 

CM 

CM 

rg 

CM 

CM 

CM  fg 

CM 

CM 

rg 

O 

O' 

crj 

*-*  rg  rg 

‘O 

>o 

r-C 

ao 

oi 

O* 

o 

CM 

'-O 

CM 

4 

rA 

m 

o* 

in 

M3  eg  in  4 

gj 

o* 

CM 

rg 

'n 

o 

OJ 

r%. 

in 

J, 

m 

cn 

in 

m  4  m  m 

4 

4 

in 

in 

U-) 

4 

in 

4 

4 

4 

4 

4 

eg 

eg  rg 

rg  cm  eg  rg 

CM 

TM 

CM 

rg 

CM 

CM 

rg 

rj 

rg 

eg 

CM  CM 

CO 

CO 

O' 

vO  O' 

tn  m 

4 

4 

r< 

r- 

4 

gi 

tn 

cn 

•n 

o 

4 

o 

in 

<0  eg 

v0  m 

O 

cn 

4 

CM 

4 

r< 

c 

4 

g) 

r* 

cu 

m 

4 

m 

•n  4 

in  in 

4 

ui 

O’! 

in 

m 

4 

m 

4 

4 

4 

4 

4 

CM 

cm  rg 

rg  cm  rg  eg 

n; 

im 

TM 

rg 

ng 

eg 

CM 

CM 

cm  rg 

rg 

rg 

4 

4  O 

o  o  O' 

r- 

co  *n 

no 

«n 

g> 

cn 

g.» 

gl 

r-C 

4 

4 

lAO  N 

Is-  cn 

ao  so 

ao 

H 

4 

m 

4 

g? 

cn 

r- C 

g> 

aj 

O' 

O 

in 

4  m 

in  4 

m  m 

4 

in 

in 

in 

m 

4 

in 

in 

4 

4 

4 

m 

CM 

CM  CM 

cm  rg 

cm  rg 

rg 

eg 

rg 

rg 

rg 

CM 

rg 

rg 

eg 

CM 

rg 

rg 

ao  O  -O  N 

oo  r-  cc 

O' 

ao 

0 

0 

r-4 

m 

r~l 

cn 

in 

r-  a 

M 

0 

CM  CO 

O' 

0  O'  CO 

o 

cn 

0 

r- 

0 

m 

<n 

CO 

O' 

H 

'M 

in 

4  in 

m 

4  in  m 

in 

g% 

tn 

m 

41 

4 

in 

in 

4 

4 

iTi 

iA 

CM 

eg  rg 

rg  rg  rg  rg 

eg  eg  rg 

rg 

rg 

eg 

rg 

rg 

rg 

rg 

CM 

CM 

O 

CD 

o 

in  o  0 

o 

o  in  o 

in 

o 

O 

o 

r-  in  rg 

o 

OMA 

CM 

in 

in 

in 

cn  rg  ^4 

»n 

in  cn  eg 

■-C 

o  o  o  o  o  o  6 

o 

6  6  6 

o  o 

O 

o 

o 

6  6  6 

O 

(D  0  0  4  in 

in 

<n  in  in 

0  r» 

n* 

m  o 

o  o  o 

O 

0cncnoooooo 

in  o  o 

m 

rg 

rg  cm  cm 

CM 

•  • 

o  HiHoim 

n 

• 

cn  cn  cn 

*  •  • 

cn  4 

•  • 

4 

• 

4 

• 

in 

• 

in  in  in 

•  •  • 

in 

• 

oooooooooooooooooooo 


HOLTR  «»-35 


(Mn<OH4  HlMOlMO^'tOO^rtHOvh  40'Ohh>h‘9«0>0tV^|(0'#(0(0inO<00'N(N(<Mn 


<n  rg  rg  ^  O  o  O'  O'  co  w  r-cDn-f'-'Or-m'Ominin«n44cnce\rg|22g^!Q*fl,l''Oin%©in<i>!''-r‘-r'' 
f'«n»nnnn^rg('jr«NrvNNrMrv|fMPVf>JMrNjrj^NCNjNNN22l!!5Jw”N,MNNrMNMN 
rg  rv  rv  rg  nj  rvrgrvrgcvrgrgrgrgrvrvcvrvrg  rgpgrgrvrgcvrvrvrvr^WNNWOtcgrgrvrgcgrgrgrv 


m  o  4  co  oco^oina)0'«oiA«-iotra>  m  o  m  <n  m  o  h  ®  ®  o  «  o  o  o  n  n  »o  w  «t  »n  y>  n  ch 
<  in  (c  h  rvi  o  O  (T'0'COcoNeo^®'Cf*~'Or**  «o®tn«o^'Ou>tf\^  >0  4  kniftvOUN*Otf>'0'Oor-h*t- 

fnrnfotnmcncncgrvrgrvrvfgrgcvrvrvrvrgrgrgfgcvrvrgcgrgrgrvrgrgrvrvrgrgrgrgrvrgrgrgrv 

rgcgrgrgrgrvrvrvrvcgrvcvnjrvcvcvrvcvrvrvrgrvrvrgcvrgrvrgrvrgrgrgrgcgcvcgcgrgrgrgrvrg 

04C'(*UOH40^HlM('^HhininHO'»OHHO'0'^nOHHO'0‘HO^'0'OCO'ttnf-COO' 

4Ti^nNMHHOOl,'0'a)O'00  00ha)r‘*h'0S'O'0«A*0in'OiA'0«t^»n'0«A'0^'C'O©NMv- 
^^^^^^^^^fvjogrsjrvrgrgrvrvrgogegrvrvrvrgcvrvrvrvcgrgrgrvrgrvrgcvrvrvrgrvrvfg 
rgrvrvrgrgrvrvrgrvrvcgrgrgcvrvcvrgrgrgrgcgrg»vrvfvrgcgrgrgrvrvrgrgrgcvrgcgrgr\jrvrgrv 

m<fv}r^f^-^f^o--4C7'0  00'Cuocccr>h>cor-r^^>r-scr^'Of^«o^ir>r-'or^Hor^'or-r*-^Qoeoco 

rgegcgrvrgcvrgegrvngrvrgrvrgegrgrgcvrgrgcgnjrg 

rgcgrvrvrgcvAjrgrvrgrvrgrgfvrgrgcgrgrvcvrgrgrvrgrvrvrgrvcvrgrgrvcvrvrgcvngegrgrgrvrv 


z 

o 

o 

►- 

OJ 

u 

H 

1U 

O) 

Ui 

•  X 

z 

\3  ~ 

o 

I  > 

in 

-1 

o 

U.  Ui 

rH 

o  V 

• 

-J 

t/>  on 

UJ 

(X  U  J 

n 

Ui  UJ 

o 

h  ar 

— 

> 

UJ  O 

m  o 

r.  ui 

ui  a> 

UI 

i/)  •-»  o 

UI 

z 

UI  J 

cr. 

o 

UJ  JO 

o 

\j 

O'  *-•  • 

UJ 

1 

ej  .  o 

o 

UJ 

UJ  rv 

•-» 

(X 

non 

in 

UJ 

O' 

uj  n- 

0)0  li 

-J 

a 

»-<  eg 

o 

<M 

tu 

z 

CO 

h  »i  a 

•t 

z 

• 

D 

o 

y  uj  ►* 

-J 

u  o:  < 

J  o 

z 

II 

<  TJ  ck 

O  «4> 

o 

j—  i/j  uj 

O’ 

a: 

i-  m  a 

H- 

Ui 

<  U.I  It. 

.”> 

•n 

ti!  UJ 

m 

!•„ 

ii  ai- 

*-* 

ID 

O 

rr 

z 

>•  >- 

»n 

►- 

UJ  _»  _J 

•4 

lf> 

X 

-j  a  a 

*-« 

KJ 

o  a.  a 

o 

< 

^  ’jy  -> 

<</></> 

UI 

cr 

:> 

o 

H- 

m 

< 

a: 

Ui 

CL 

Ui 

1- 

m 

a]H<oo^  ^4  C'#0«044Hh>t<tOO  4  rvOOf“^'04  4rgin«H(iirv>.tfnc0inh-*-irHrvrgiA 

vO  in  in  4  ^  fy(*»H^HHOH000*0^0'  W^®0'h*®h,,lDh*C0ffc®h‘C0f,»t0Nrt®OP'0'0^ 
nn«»>^nfOmn«nrU^r'»^^^N(n<NJNNfMNNMfgNNNfV»NN(\4NNNNMN(nNMM 

rv  <v  rg  rv  eg  rgtvrvrvrvrvrvrvrvrv^jrgrvrv  rvrgrgrgrgrvrvrvrvrvrgrgpgrvrgrvrgrgrgrgrvrvrv 

h-  mD  V)  in  m  4  ^  (‘'(nf'ir'HrgHrgOryjOHOHO'HO'OO'OO'OO'OO'OO'HO'HOfjHHH 

AjrgrgMrgegrvnjAirgrgfVfvfvAjfgrgfVAjrgmrgrgcgrvrgfvrgrgfgAirgegrgfvcvrvrgrgrvrvfv 

40'(,>0'NO'NCDHOHlhW0^4  if  o  O'  (V  to  H  >o 
O'  A*  cj  v>  A*  if  vf  if  >c  <f  if  r>  i/'  r>  *t  rw  4  rj  4  rgnf\nr'jt^Nf>N4N(Tir\i4fj4rvj4f4ififf44 

u«f  «f  rt  if  t^npir  rffr'r' 

*rgrgrgrgrgrgrvrgrvrvrgrgrgr,  rjcvrvrgrvrvrgrvrvrgfVfVAirvrgrgrgfVfvrgrgfvrgfvrvrvcgrg 


2- 

m 

4 

co 

r- 

m 

rg 

ai 

O 

m 

m 

O 

4 

O' 

rv 

f- 

m 

r- 

m 

r- 

rH 

V) 

rg 

r- 

rg 

o 

4 

O 

r- 

rH 

O' 

Is- 

rg 

03 

ro 

<n 

4 

co 

O' 

m 

O 

p ; 

H 

cn 

O 

rg 

o 

rv 

O' 

rv 

o 

rH 

O' 

M 

cc 

H 

CD 

rH 

CO 

rH 

cc 

rH 

cc 

H 

ac 

rH 

co 

rH 

o 

rH 

O' 

rH 

O' 

rg 

O' 

rv 

O 

rv 

O 

m 

rH 

rv 

m 

4 

4 

4 

4 

m 

4 

m 

4 

on 

4 

m 

4 

m 

4 

m 

4 

cn 

4 

cn 

4 

cn 

4 

m 

4 

m 

4 

m 

4 

m 

4 

m 

4 

4 

4 

4 

4 

4 

4 

4 

f\l 

rv 

eg 

rg 

rv 

rg 

rv 

rg 

eg 

rv 

rg 

rg 

rg 

rv 

rv 

rv 

rg 

rg 

rg 

rg 

rv 

rv 

rg 

rv 

rg 

rg 

eg 

rg 

rv 

rg 

rg 

rg 

rg 

rv 

rg 

rv 

rv 

rv 

rv 

rv 

rv 

rv 

'G 

O 

O 

r*4 

m 

CO 

«— i 

4 

U' 

O 

i£> 

o 

C 

»H 

O' 

rH 

H 

rg 

eg 

rv 

rH 

4 

m 

m 

4 

r- 

h- 

O 

m 

4 

co 

rv 

<X> 

eg 

O 

<n 

rH 

e- 

CO 

4 

g> 

H 

o 

m 

4? 

m 

m 

rg 

in 

rg 

4 

rg 

4 

rg 

4 

rv 

4 

rg 

m 

eg 

ir> 

rv 

in 

rg 

m 

rv 

in 

eg 

m 

m 

'O 

m 

sO 

4 

r- 

m 

O' 

<3 

O' 

r- 

O 

O' 

ON 

o 

<4 

*4 

*4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

in 

4 

4 

iA 

rg 

rv 

rg 

eg 

rg 

rg 

rg 

rg 

rg 

rg 

rg 

rg 

eg 

eg 

rg 

rg 

rg 

rg 

rg 

rv 

eg 

rg 

rv 

rv 

eg 

rg 

eg 

rg 

rv 

rg 

rg 

rv 

rv 

eg 

rv 

rv 

rv 

rg 

tv 

rv 

rg 

rg 

r—H 

00 

40 

m 

rg 

4 

H 

m 

m 

eg 

rg 

4 

43 

r- 

a> 

co 

rg 

rg 

m 

m 

4> 

r- 

o 

O 

m 

4 

O 

H 

rg 

m 

co 

oo 

O 

iO 

in 

in 

V3 

rH 

in 

rH 

m 

O 

a» 

4 

r- 

4 

n- 

4 

r- 

4 

r* 

4 

r- 

4 

r*- 

4 

e- 

4 

to 

m 

cry 

u^ 

co 

in 

o 

O 

O' 

O 

O 

P» 

rH 

co 

rv 

O' 

4 

rH 

in 

m 

in 

m 

V3 

in 

m 

in 

>4 

*4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

•t 

4 

4 

4 

4 

4 

in 

4 

in 

4 

in 

4 

m 

in 

in 

m 

m 

m 

m 

m 

in 

'A 

rv 

rv 

eg 

rg 

eg 

rg 

rg 

eg 

eg 

eg 

rv 

rg 

eg 

rv 

rg 

rg 

rg 

rg 

rg 

rv 

rg 

rv 

rv 

rv 

rg 

rv 

rg 

rg 

eg 

rv 

rg 

4 

eg 

rv 

eg 

rg 

rg 

eg 

rg 

rg 

rv 

rv 

nj 

H 

e- 

co 

4) 

4) 

<o 

r- 

O' 

^H 

o 

rv 

m 

O' 

O 

<n 

m 

co 

r- 

H 

in 

r» 

O 

rg 

03 

r~* 

co 

rv 

4 

co 

i-H 

rH 

«H 

4 

gj 

m 

rg 

o 

r- 

4 

r- 

rH 

o 

45 

o 

45 

O' 

4> 

O' 

43 

o 

r- 

O 

r- 

O 

*v 

H 

00 

H 

co 

rg 

O' 

rv 

cr 

m 

O 

m 

rH 

4 

rv 

'O 

<n 

CO 

V3 

o 

CO 

*“H 

O 

rH 

*H 

H 

O 

o 

rH 

m 

4 

*4 

4 

4 

4 

4 

4 

m 

4 

m 

4 

*n 

4 

m 

4 

in 

4 

»n 

4 

m 

4 

m 

in 

in 

m 

m 

in 

in 

m 

m 

in 

V3 

in 

V3 

V3 

vO 

o 

V3 

sO 

V3 

V) 

rv 

rg 

eg 

rg 

rg 

rg 

eg 

rg 

eg 

eg 

rv 

rg 

rg 

rg 

rg 

rg 

rg 

rg 

rv 

rg 

rg 

»v 

rv 

rv 

rg 

rv 

rv 

rv 

rg 

rg 

CV 

rv 

rv 

rg 

rv 

rv 

eg 

rg 

rg 

rv 

rg 

rg 

N 

m 

rv 

rH 

O 

rv 

H 

4 

4 

43 

in 

fH 

rg 

4) 

43 

O 

rH 

4 

4) 

O' 

r> 

«n 

in 

rH 

4 

O 

it) 

4 

g> 

4 

rH 

m 

O 

in 

i0 

4 

O 

a> 

m 

O 

<r, 

f- 

H 

00 

H 

CO 

H 

CO 

•—4 

CO 

H 

» 

rl 

Ch 

rg 

O' 

rg 

O 

<n 

O 

m 

O 

m 

rH 

4 

rv 

in 

<n 

n0 

4 

<o 

g> 

o 

33 

eg 

O 

cn 

eg 

m 

eg 

m 

rg 

rg 

Ai 

m 

4 

m 

4 

in 

4 

in 

4 

in 

4 

m 

4 

m 

4 

in 

in 

m 

m 

in 

m 

in 

in 

in 

in 

in 

m 

in 

in 

m 

m 

o 

in 

g> 

o 

O 

V) 

s0 

O 

o 

O 

o 

g> 

eg 

rg 

rg 

rg 

rg 

rg 

rg 

rg 

rg 

nj 

rv 

rg 

rg 

M 

rg 

rg 

rg 

rg 

rg 

rv 

rg 

rg 

rv 

eg 

eg 

rg 

rg 

rv 

rv 

rg 

rg 

rg 

rg 

rg 

rv 

rv 

rg 

rv 

rg 

rg 

rv 

rv 

O 

O 

O 

o 

O 

t> 

O 

C3 

O 

o 

O 

O 

O 

o 

o 

o 

o 

© 

O 

m 

O 

in 

O 

O 

o 

o 

O 

o 

o 

O 

O 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

n- 

in 

rv 

m 

in 

in 

m 

in 

m 

«n 

m 

m 

in 

m 

in 

m 

in 

in 

m 

m 

m 

in 

<n 

rv 

rH 

oooooooooooooooooooooooooooooooooooooooooo 

iAiAOi  0*4  4fflQJtO(nNNf4NO'OOOininOO  44aocommf,-n-rgcg»og)^HrHininOOOO 
4  4  'O'OC  0'Hr4  4  4'0'00'0'H,-<4  *4  '000‘0'HHn®iO'0«>fflHH(nm<0'0«OOHHHH 
'O'Cn-r-rofooorHwrvrvmmmin'O'Or^r-cocooo.H.Hrgrgtnminin'Ovor'-r^cooooooo 


temperature  distribution  on  sphere-cone  MODEL*  (NOSE  SECTION* 


HOLTR  62-96 


o 

00 


m  n©  h  o  o  o  oo 

•  ••••••  •  • 

h  ©  «o  mo  m  I** 

cm  cm  fM  cm  <M  cm  cm  cmpm 


©©©mo  ©  m  ©  o  4 

•  ••••••Of* 

0©'ON'0©HM©© 

4444444444 

CMCMCMCMCMCMCMCMCMCM 


m  4  ©  o  H  H  ^  H 
nO  ••*•••• 

h  4  4  h  ©  m  h 
«o  4  'O  m  4  m  m 
(M  CV  fM  <M  CM  CM  CM 


©O  «hn«4h©'04© 

•  •••••••«••• 

m©0’0'h*fN'04HN©© 

4444^444^444 

CMCMCMCMCMfMCMCMCMCMCMCM 


O  m  h  H  4  O  40 
m  ••••«•• 
fH  4  m  N  0"0  «o  N 
4  4  4  m  4  m  m 

CM  PM  CM  PM  CM  CM  CM 


4^'OOOm©©m4Mh 

•  *>»•«••••••• 

4©00®©44M(‘i44 

44mm44444444 

fMCMfMCMCMCMCMCMCMCMCMCM 


m  4  4  4  H  ©  ©CM 

CO  «•••••• 

*-•  4  m  M  o  P*  ^  © 

4  4  4  4  4  4© 

CM  CM  CM  CM  CM  fM  CM 


4O0‘ON4N«mm©® 

•  •••«•«••••  t 

NOHrtO»4P*iA©4miA 

444444444444 

rMIMrgCMCMCMfMCMCMCMCMCM 


O  ©  P*  O'  O'  4  4  4  4  h  N  4  h-  4  ©  4  P*  4 

CM  •  •«••••  •  •••••••«••• 

H  4  4  N  O  P*  ®  4  ©H©rx040'h444N 

4444444  s4ininw\in*t*4^^«t^^ 

CM  fM  CM  fM  CM  CM  CM  (MfMCMCMfMfMCMCMfMfMfMfM 


•  Z 

o  **« 


X  > 

m 

4  r-  in  *4  o  co  4 

_J 

O 

•  •••••• 

U.  LU 

H 

4  4  ©  h  ©  a*  © 

o  v: 

©  4  ©  ©  4  4  4 

fM  CM  rM  fM  CM  CM  CM 

i/>  u> 

a:  uj 

UJ  UJ 

►-  a 

«•* 

uj  o 

i/>  o 

•  •••••• 

X  UJ 

UJ  Os 

4MIMNON 

m  —  o 

U J 

M©  4  ©  ©  4  ©  4 

UJ  -J 

a 

•  NNIVNNNN 

UJ  J  o 

o 

a  m  * 

UJ 

« 

0X0 

o 

M 

UJ  pH 

(90  44NHOO 

OO© 

m 

CO 

UJ  f- 

H4  4  4  m  O'  CM  O 

OO  O'  M 

-J 

j©4©©4©© 

H 

o 

(ffMCMCMfMfMCMfM 

© 

UJ 

2 

M 

CM 

1  1  K 

< 

ft 

« 

3 

cn 

^  UJ  H 

-J 

M4H4©©4h 

UK  < 

JO 

• 

<  3  a 

O  'O 

4  4  4  4  0  4  CN 

H-4UI 

o: 

©  4  ©  ©  4  ©  © 

a : 

HV)a 

CM  CM  CM  CM  CM  fM  CM 

iU 

<  UJ  x 

CD 

a  uj 

X 

iLU  h 

3 

o 

4  ©  ©  ©  © 

2 

>  >• 

m 

•  •••••• 

UJ  «J  J 

*4 

4  4  ©  ©  H  ©  4 

X 

j  o.  a 

©  4  ©  ©  4  ©  © 

uoaa 

CM  CM  CM  CM  CM  ni  CM 

< 

2  33 

X 

<  t/>  t/> 

MA  ©  4  N4HNWHHO' 
•  ••••«•••••• 

O'  CM  *4  4N'OHO'4N«co 
4  4  4  4  4  «4  m  «4  *4  *4  <4 
CMfMfMfMCMCMfMfMfMCMCMfM 


inmoocnvoO'OfM'OP^o 

•  ••«•••••#•• 

0©444^’C\JHP'  00  O'  O 
104444444444  in 
PgfMPMfMfMCMCMfMfMCMfMCM 


44AJ4©4©4©fflOO 

rgiAB©40»m©0'OCM© 

444444444444 

fMfMCMCMfMfMCMCMCMfMfMfM 


h©h<4h4P*0  ©  O'  ©  © 

^h-000'»^P^‘OHfM<4  m 
44»0'044444444 
CMCMfMrgrMfMfMfMfMCMCMCM 


04(MH©©r\j44«-*©h 

'OON©H©OW©44N 
440^)04.0  44444 
fMfMfMfMCMCMrjCMCMfMCMfM 


h*  O  p*  in  O  0  4  44H4©0P-©®0 

o  •••••••  •««•§••••••• 

•n  4  ©  N  CO  CM  CO  4>  ®H4444NH4h©o 

•O  4  4)  *0  4  O  O  400'0'fi4004  4  40 

CM  fM  CM  fM  CM  CM  W  CMCMCMfMCMfMCMCMCMCMCMCM 


CO  O  O  O'  4  ©  O' 

©  ••••••« 

H  40h>  ©  4  ©P> 
©4  004©0 
CM  CM  CM  CM  CM  CM  CM 


©  O  4  N  M  O  O  H  4  rt  N  O 


O'  N  4  O  4  O  4  (M  O  ©  O'  H 

4  0  0  0  0  4  0  O  4  4  II*  O 

CM  CM  CM  CM  CM  CM  CM  fM  CM  CM  CM  CM 


<004©0>40  CO 

•  •••••  t  • 

O  O  ©  ©  O'  4  O'  ©  o* 

'04©04©o  m 

CM  CM  CM  CM  CM  fM  CM  CM 


(V©©©NON©©4© 

•  •••««••••• 

©ON4h4  Nh  ©O  »-« 
00004004400 
CMCMfMCMCMfMCMCMCMCMCM 


oc 

•X 

4 


o  o  o  m  o  tn  o  o  in  o  m 

O  O  O  P*  4  (M  o  o  f—  m  CM 

m  4  4  ©  H  in  44CVIH 


oooooooooooooooooooo 

©004444440NP-400  0  00 
0««n0000004004ftJMNNN 
OHHN©©4©©©44444444 

OOOOOOOOOOOOOOOOOOOO 


MACH  NUMBER  -  3.23 

ANGLE  OF  ATTACK  «  18  DEGREES 

SUPPLY  PRESSURE  -  980  MILLIMETERS  OF  HG. 

SUPPLY  TEMPERATURE  *  318.0  DEGREES  KELVIN 
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